Abstract: Depression has become a major global public health problem. Many studies have shown the positive effects of physical exercise on depression. However, few studies have examined the relationship between frequency of leisure time physical exercise and depression without considering the time and intensity of exercise among middle-aged and elderly people of urban communities in northern China. We conducted a cross-sectional survey that included 1604 participants among urban residents aged 50 years or older in China to evaluate how the frequency of physical exercise was related to depression. Our study showed that the prevalence of depression in the urban community of Jinan is 16.52%. For physical exercise, the odds ratios (ORs) and 95% confidence intervals (CIs) for 1~2 times per week, 3~4 times per week and ≥5 times per week were 1.137 (0.661, 1.953), 0.516 (0.304, 0.875) and 0.548 (0.392, 0.768) respectively, with adjustment for age, gender, marital status, BMI, hypertension, previously diagnosed type 2 diabetes, triglyceride, total cholesterol, soy food intake, milk food intake, vegetable and fruit intake and meat intake. We concluded that physically exercising three times a week is associated with a low prevalence of depression.
Introduction
Depression, including bipolar depression (BD) and unipolar depression (UD), has become a major global public health problem, which can lead to significant disabilities, lower quality of life and increases in mortality, and both BD and UD share common symptomatic and functional impairments. [1] . Simultaneously, depression is also a risk factor for many major diseases, such as hypertension [2] , type 2 diabetes mellitus (T2DM) [3] , dementia [4] , stroke [5] and cardiovascular disease [6] . By 2015, depression became a primary global burden in terms of disease [7] . In middle-aged and elderly individuals, depression is related to many other non-communicable diseases, and it can aggravate the symptoms of chronic diseases. Diabetic patients with depression are more prone to complications of functional disability [8] compared to diabetic patients without depression. In addition, T2DM patients with depression were at increased risk of being non-adherent to their medications than individuals without depression [9] . Among patients with coronary heart disease, depressive symptoms were also associated with decreased physical exercise, reduced medication adherence and poorer sleep quality [10] . It is certain that depression plays a vital role in the development, progression and prognosis of chronic non-communicable diseases.
Existing evidence shows that physical exercise is associated with a lower likelihood to manifest depression and its psychosocial impairment. The studies of the relationship between physical exercise and depression can be divided into three categories, including prospective studies, cross-sectional studies, and intervention studies. Prospective studies have shown that physical exercise can reduce the incidence of depression [11, 12] . Cross-sectional studies illustrated the coexistence of low physical exercise and high depression [13, 14] . In some randomized controlled intervention trials [15, 16] , physical exercise has proven to be an effective treatment measures for depression, and it has been recommended as a component of depression treatment [17] . In addition, adults who routinely engaged in high levels of physical exercise responded more favorably to depression treatments than adults who engaged in low levels of physical exercise [18] .
Although the above studies have shown the positive effects of physical exercise on depression, some studies have also reported the opposite findings for the relationship between physical exercise and depression [19, 20] . In addition, previous studies have more integrated the frequency, time and intensity of physical exercise. Older people are not suitable for longer and stronger physical exercise because of their physical condition. To our knowledge, few studies have examined the relationship between frequency of leisure time physical exercise and depression among the middle-aged and elderly people in northern Chinese urban communities. Moreover, physical exercise is an economic, safe and modifiable behavior factor for many diseases, including depression [21] [22] [23] . Thus, we investigated the prevalence of depression and evaluated how the frequency of physical exercise was related to depression in northern Chinese urban communities, Jinan. The findings from this study may provide a scientific basis for the treatment of depression.
Materials and Methods

Study Population
We conducted a cross-sectional survey among urban residents aged 50 years or older, who were from several randomly selected neighborhoods located in the six city districts of Jinan, China, between 2011 and 2012. According to the inclusion criteria, individuals aged 50 years or older were included, while they must have lived in the selected communities for more than 6 months in the last year and have the ability to answer the questionnaire. A total of 3277 residents completed the questionnaire in this study, but 1673 individuals were excluded due to the absence of information related to marital status, physical exercise, soy food intake, milk food intake, vegetable and fruit intake, meat intake, height, weight, systolic blood pressure (SBP), diastolic blood pressure (DBP), fasting plasma glucose (FPG), triglyceride (TG), total cholesterol (TC), or information about their current use of medications. A total of 1604 participants was included in the final data analysis. This study was approved by the Ethics Committee of the School of Public Health, Shandong University, and written informed consent was obtained from all participants (Code NO.: 20110301).
Investigation and Measurements
Using a self-designed standardized questionnaire, the specially trained investigators obtained basic information on the respondents, such as age, sex, marriage status (yes or no), current smoking status (yes or no), current alcohol intake (yes or no), the frequency of regular exercise (<1 time per week, 1-2 times per week, 3-4 times per week or ≥ 5 times per week), as well as the frequency of soy food intake (≥1 time per day, 3-6 times per week, 1-2 times per week or <1 time per week), the frequency of milk food intake (≥1 time per day, 3-6 times per week, 1-2 times per week or <1 time per week), the frequency of vegetable and fruit intake (≤1 time per day, 2-3 times per day, 4-5 times per day or ≥5 times per day), meat intake (≥200 g per day, 50-200 g per day, 150-<350 g per week or <150 g per week) and depression (no depression, minor depression, medium depression or major depression).
After fasting overnight, all participants went through a standard physical examination. First, their height and weight were measured without their shoes, heavy clothing and belts by trained nurses. Body mass index (BMI) was calculated as weight (kg) divided by the squared value of height (m). Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were measured in the sitting position by trained examiners using a mercury sphygmomanometer according to a standard protocol. Measurements were taken three times for each participant, with at least an interval of 5 minutes between each measurement, and the averages of the three readings were chosen as the BP values. Laboratory tests included triglycerides (TG), total cholesterol (TC) and fasting plasma glucose (FPG).
Definitions of Hypertension, Previously Diagnosed Type 2 Diabetes Mellitus (PDM) and Depression
Hypertension was defined by SBP ≥ 140 mmHg, DBP ≥ 90 mmHg or the self-reported current use of antihypertensive medications. Previously diagnosed type 2 diabetes mellitus was defined as T2DM diagnosed by doctors except newly diagnosed diabetes. Using Self-Rating Depression Scale questionnaires (SDS) [24] , which is a 20-item self-report measure of the symptoms of depression, a depression score was determined for each subject. The SDS asks each participant to score each item, which contains four levels (never or only a few times = 1, sometimes = 2, often = 3 and almost or all the time = 4). 20 items ranges between 0 and 80. The depression index is equal to the individual's total score from 20 items divided by 80. The depression indexes of 0-0.49, 0.50-0.59, 0.60-0.69 and 0.70-1.00 represent no depression, minor depression, medium depression and major depression, respectively [25] .
Statistical Analysis
Descriptive statistics were calculated for all characteristics according to gender and depression or no depression. The numerical variables were expressed as mean and standard deviation (mean ± s.d.), while the categorical variables were expressed as percentages. Two independent samples t-tests were used to compare the distribution of age, BMI, TG and TC. Chi-square tests were used to compare the proportion of participants that were married, smoking, drinking alcohol, hypertensive and PDM. Wilcoxon rank-sum tests were used to determine the differences of the ordinal categorical variables, including regular exercise, soy food intake, milk food intake, vegetable and fruit intake, meat intake and depression. Ordered logistic regression was used to examine the relationship between physical exercise and depression. According to the adjusted different covariates, including age, gender, marital status, BMI, hypertension, PDM, TG, TC, soy food intake, milk food intake, vegetable and fruit intake and meat intake, four ordered logistic regression models were established. All statistical analyses were performed with SAS 9.4 software (SAS Institute Inc., Cary, NC, USA).
Results
This study included 1604 participants (504 men and 1100 women). The average ages of the men and women were 64.44 and 63.37 years old, respectively. Among all the participants, the proportion of no depression, minor depression, medium depression, and major depression were 83.48%, 13.72%, 2.56% and 0.24%, respectively. Table 1 shows the characteristics of the male and female subjects and their comparison results. Women reported a significantly higher mean TC, and significantly lower prevalence of marriage, smoking, alcohol drinking, hypertension and PDM. Furthermore, women had a younger mean age. Comparisons of rated variables, such as regular exercise, soy food intake, milk food intake, vegetable and fruit intake, meat intake and depression, men reported significantly higher intake of soy food and meat than women. Table 2 shows the characteristics of subjects with and without depression and their comparative results. Depression reported a higher prevalence of being female and experiencing PDM, and a significantly lower prevalence of marriage. In addition, according to the comparisons of the ranked variables, including regular exercise, soy food intake, milk food intake, vegetable and fruit intake, meat intake and depression, there was only a statistically significant different in the frequency of regular exercise between the depression group and the non-depression group. Table 3 shows the relationship between physical exercise and depression in the four models based on the different adjusted variables. In the first model, compared with participants with a frequency of physical exercise that was less than 1 time per week the odds ratios (ORs) and 95% confidence intervals (CIs) were 0.996 (0.585, 1.697), 0.495 (0.293, 0.835) and 0.509 (0.366, 0.709) for participants with frequencies of physical exercise that were 1-2 times per week, 3-4 times per week or ≥5 times per week, respectively, without adjustment for any variables. In the second model, compared with participants with a frequency of physical exercise that was less than 1 time per week the ORs and 95% CIs were 1.044 (0.612, 1.783), 0.505 (0.299, 0.854) and 0.519 (0.372, 0.724) for participants with frequencies of physical exercise that were 1-2 times per week, 3-4 times per week or ≥5 times per week, respectively, with adjustment for age and gender. In the third model, compared with participants with a frequency of physical exercise that was less than 1 time per week the ORs and 95% CIs were 1.125 (0.656, 1.928), 0.531 (0.313, 0.900) and 0.541 (0.387, 0.756) for participants with frequencies of physical exercise that were 1-2 times per week, 3-4 times per week or ≥5 times per week, respectively, with adjustment for age, gender, marital status, BMI, hypertension, PDM, TG and TC. In the fourth model, compared with participants with a frequency of physical exercise that was less than 1 time per week the ORs and 95% CIs were 1.137 (0.661, 1.953), 0.516 (0.304, 0.875) and 0.548 (0.392, 0.768) for participants with frequencies of physical exercise that were 1-2 times per week, 3-4 times per week or ≥ 5 times per week, respectively, with adjustment for age, gender, marital status, BMI, hypertension, PDM, TG, TC, soy food intake, milk food intake, vegetable and fruit intake and meat intake. Figure 1 shows the comparison of the prevalence of depression that was associated with four different frequencies of physical exercise. Compared with participants with a frequency of physical exercise that was less than 1 time per week there was a significantly lower prevalence of depression in participants with frequencies of physical exercise that were 3-4 times per week or ≥5 times per week. Whereas the difference in the prevalence of depression was not statistically significant between the participants with a frequency of physical exercise that was less than 1 time per week group and 1-2 times per week. 
Discussion
The results of this study show that a frequency of physical exercise of ≥ 3 times every week is associated with a low prevalence of depression. That is, physical exercise of more than three times every week may reduce and improve depression for the elderly without considering the time and intensity of exercise. Some studies, which were not from mainland China, have shown that physical exercise played an important role in the prevention and treatment of depression in older adults [26] [27] [28] [29] and the frequency and duration of physical exercise have always been combined to study the relationship between physical exercise and depression in these studies. However, possibly due to being limited to health conditions [30] , older adults rarely adhere to moderate-to-vigorous physical exercise for longer times [31] . Studies have shown that intermittent physical exercise, which does not meet the criteria of each required movement time, also improved the neuromuscular performance [32] and blood pressure [33] for the elderly. Light physical exercise also played an important role in ensuring that the elderly remained healthy [34] , and high frequency physical exercise at low intensities may be especially suitable for the elderly [35] . It seems to be reasonable that older adults with high frequencies of physical exercise have more opportunities for community participation. Thus, the results of this study played an important role in the reduction and improvement of depression for the elderly.
With the socio-economic development and changes in lifestyles, the prevalence of depression has increased significantly in China from 3.86% [36] in the late 1990s to about 10-30% [37] currently for the older adults. Although research populations and the measurement tools of depression may be different in different studies, it has been determined that the prevalence of depression has been increasing over the past 30 years in China. A study from western China showed that the prevalence of depression in the urban elderly was as high as 27% [38] . Another study from Changzhi city (Shanxi Province) also reported that the prevalence of depression in the elderly was 26.1% [39] . Our study shows that the prevalence of depression in the urban community of Jinan is 16.52%, similar to the findings for the elderly in Beijing [40] . In China, the population aged 60 years and above accounted for 16.7% of the total population in 2016, so prevention and interventions for depression in the elderly are urgently needed.
Previous epidemiological studies have shown that many factors are associated with depression, including age [41, 42] , gender [43] , obesity [44, 45] , marital status [46] , chronic disease conditions 
Previous epidemiological studies have shown that many factors are associated with depression, including age [41, 42] , gender [43] , obesity [44, 45] , marital status [46] , chronic disease conditions (hypertension [47] and PDM [48] ), lifestyle factors (smoking [49] , excessive drinking [50] , soy food intake [51] , vegetable and fruit intake [52] , meat intake [53] and physical exercise [54] ), and so on. Therefore, in this study, the relationship between the frequency of physical exercise and depression was determined after adjusting for the above factors, and the results show that a frequency of physical exercise that is ≥3 times every week is associated with a low prevalence of depression. Many studies showed that PDM, but not newly diagnosed diabetes (NDM), was significantly associated with depression [55, 56] . A study from China also confirmed that patients with PDM demonstrated had increased prevalence of depression, but those individuals with NDM did not [57] . It seems clear that awareness or subsequent treatments of T2DM would negatively impact psychological outcomes [56, 58] . Therefore, PDM, not NDM, was adjusted in order to show the influence of physical activity on depression in this study. The biological mechanism between physical exercise and depression remains unclear. According to current studies, physical exercise plays an important role in the prevention and treatment of depression by affecting the structure and function of the brain. For the function of the brain, possible mechanisms include the "endorphin hypothesis" and the "monoamine hypothesis" [59] [60] [61] . Physical exercise can increase the release of some hormones, such as endorphins [62] , norepinephrine [63] and serotonin [64] , which can produce happiness in the human body to prevent and treat depression. For the structure of the brain, neuroimaging studies have shown that depression is associated with a decrease in hippocampus volume [65] , gray matter [66] or white matter volume [67] in the brain. In addition, UD and BD present both shared and distinctive impairments in the white and grey matter compartments but more white matter abnormalities have been reported in BD than in UD [1] . Physical exercise is associated with larger hippocampus volume [68] , white matter and gray matter volumes [69] , which may be because physical exercise increases the total length, total volume and total surface area of the capillaries in brain [70] .
Depression treatment and prevention are both very important in consideration of the serious situation. Prospective studies, cross-sectional studies and clinical intervention studies are necessary to determine the relationship between physical exercise and depression. Prospective studies are needed to confirm the preventive effects of physical exercise on depression, while determining the role of physical exercise in the treatment of depression simultaneously requires cross-sectional studies and intervention studies. Cross-sectional studies are the basis of interventional trials for depression. We must confirm the coexistence of depression and less frequency physical exercise through cross-sectional studies before implementing clinical intervention trials. Therefore, cross-sectional studies are also important in helping us to find ways of reducing depression.
There are several limitations in the present study. First, although cross-sectional studies are necessary, they can only explain the coexistence of less physical exercise and depression. The causal relationships between the frequency of physical exercise and depression need to be confirmed by intervention experiments and biological mechanisms. Second, about 50% of the residents in this study did not participate in the medical examination, which may lead to bias.
Conclusions
This study assessed the relationships between the frequency of physical exercise in leisure time and depression among adults aged 50 years and older in Jinan, China. Our results showed that physical exercise was significantly associated with depression with adjustment for age, gender, marital status, BMI, hypertension, PDM, TG, TC, soy food intake, milk food intake, vegetable and fruit intake and meat intake. Furthermore, a frequency of physical exercise that was ≥3 times every week was associated with a low prevalence of depression. Our findings suggest that physical exercise can be one of the interventions for depressed elderly people in urban communities in northern China.
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